Abstract: There has been growing awareness and demand for construction enterprises transition towards 5 sustainability with an aim to maximize the economic, social and environmental values of construction. This 6 presents a significant challenge to both policy makers and industry practitioners as sustainability is such a 7 complex concept that includes various aspects whereas construction firms are usually resource constrained.
159
Proposed by Martilla and James (1977) , importance-performance analysis (IPA) technique provides a useful 160 instrument for identifying the most crucial corporate attribute regarding their need for managerial action. It
161
helps decision makers to set management priorities and determine how scarce resources might best be allocated.
162
IPA is easy to be applied in various contexts and provides the capacity to present strategic recommendations 
177
Concentrate here. Attributes in Q1 are perceived to be of high importance while the performance levels are 178 relatively low, indicating that efforts should be concentrated here to make performance improvements.
179
Keep up the good work. Attributes in Q2 are perceived to be of high importance, and the enterprises have
180
high-performance levels on these attributes as well, suggesting a message of keeping up the good work.
181
Low priority. Attributes in Q3 are of low importance, and thus, even though enterprises also have low-
182
performance levels on these attributes, it is not an issue.
levels on these attributes, indicating that firms expended too much effort than actually needed.
185
An IPA is conducted in four stages: (1) collecting the key attributes i.e. items that can be characterized by 186 the levels of importance and performance; (2) conducting a survey to measure the perceived importance and performance levels of the items; (3) determining the means of the importance and performance scores for each 
190
Because the target population often presents the heterogeneity of importance and performance perceptions,
191
segmentation plays a critical role in IPA to identify differences between distinct groups so that more accurate 
196
The performance gap analysis reflects the urgency of performance improvement for each attribute. The performance gap is defined as the mean performance ratings minus the mean importance ratings, with a positive importance) indicating management attention (Taplin, 2012). Attributes with a larger negative gap indicate more urgent management attention.
201
The IPA was conducted in this study to identify which sustainability aspects the construction enterprises
202
consider to be most and least important, and which aspects were best-and worst-performed by these enterprises,
203
thereby forming a basis for developing the TPS.
204

Methodology
205
Identification of critical sustainability aspects 
Data collection 219
Five-point Likert scale is a common approach adopted by the previous IPA related studies to measure 220 importance and performance. Similarly, this study employs a five-point Likert scale to measure the importance 221 and performance levels of the CSAs perceived by the construction enterprises. Respondents were asked to 222 223 with 3 being neutral and 4 being important. To measure the performance level, respondents were asked to brief introduction to this study and definition of sustainability was provided at the beginning of the questionnaire, followed by a section designed to collect the basic information of the respondents. Consequently,
229
the last section investigates the importance and performance ratings of the CSAs.
230
Becoming the world's largest since 2010 (GCP and OE, 2013), the Chinese construction industry offers a 231 useful empirical case to the development of the TPS. Because the population of the entire Chinese construction 232 industry is unknown, it is not feasible and cost-effective to conduct a true probability sampling (e.g. simple or 233 stratified random sampling). The approach of web survey with convenience sampling was adopted in this study.
234
The largest and reputable academic online survey platform in China, i.e. www.sojump.com, was employed in 235 this study to collect the responses. This platform has been extensively utilized by construction researchers e.g. 
251
Data analysis analysis, and they were standardized prior to the analysis to eliminate the potential effects of scale differences (Milligan and Hirtle, 2003) . The non-hierarchical k-means cluster analysis is employed to generate the cluster partitioning methods which make more than one pass through the data and can handle large data sets, thereby avoiding the major drawbacks of hierarchical agglomerative methods (Aldenderfer and Blashfield, 1986).
261
The first step of k-means cluster analysis is to form an initial partition by arbitrarily assigning the cases into 262 k groups. The value of k is user-specified, and this study attempted the two-, three-, four-and five-cluster 
270 271
Where dic is the Euclidean distance between the case i and the centroid; xik is the value of the k th variable for 272 the i th case; p is the total number of the variable (i.e. 29 in this paper); ck is the value of the k th variable for the 273 centroid.
275
After examining various cluster solutions (e.g. the two-, three-, four-and five-clusters), the three-cluster 276 solutions is adopted based on two criteria, i.e. 1) maximum internal homogeneity and external heterogeneity,
277
and 2) parsimony of explanation (Klastorin, 1983) . Specifically, the two-and five-cluster solutions were 278 abandoned since the reassignments of the cases still occur (i.e. fail to converge) after ten iterations were 279 performed. Thus, only the three-and four-cluster solutions are usable. The three-cluster solution was considered
280
superior to the four-cluster solution judged by the two criteria. First, one-way ANOVAs relating cluster 281 membership to the performance ratings of the CSAs indicates both the three-and four-cluster solutions passes 282 the internal homogeneity and external heterogeneity criteria (significant at 0.01 level). However, the mean of the
283
F-statistics for the three-cluster solution is 69.37, larger than 50.08 for the four-cluster solution, indicating the solution generates very distinct clusters that are easy to be interpreted, fulfilling the parsimony of explanation criteria.
importance and performance ratings were calculated for the identified three clusters respectively. Then,
289
performance gap analysis (performance mean minus importance mean) was conducted for each of the firm
290
clusters to identify those aspects requiring urgent management attention. This is followed by the IPA mapping,
291
which allocates the 29 CSAs into the appropriate quadrants. Different from the traditional IPA studies, this 292 paper developed the last step to integrate the sustainability transition perspective into the IPA, thereby proposing 293 the TPS for construction enterprises.
294
Results
295
Mapping firm clusters on the IPA grid
296
The mean scores of the 29 CSAs for each of the three clusters are shown in Table 2 Table 2 , the three firm clusters can be labeled as low-performing firms (low importance and performance 300 ratings), medium-performing firms (medium importance and performance ratings), and high-performing firms
301
(high importance and performance ratings). All the 29 CSAs of high-performing firms are located at Q2,
302
keep up the good work -performing firms are located at Q3, indicating 303 low priority h-performing 304 companies are well above the average of the whole sample, while it is the opposite for the low-performing firms.
305
Sustainability transition of the construction industry is the process in which each firm clusters moves towards The average performance gaps within low-performing, medium-performing and high-performing firms are -341 0.6, -0.48 and -0.11 respectively. This indicates that compared to high-performing firms, it is more urgent for firm clusters, high-performing firms have the smallest performance gaps for all the 29 CSAs, while low-performing firms have the largest performance gaps for most of the CSAs, except for several aspects where control) and A29 (noise control). Fig. 3 shows the three groups present very different patterns of the 348 performance gaps, except for A12 (wages and welfare) where all the three groups have large performance gap.
349
This indicates that in general respondents are not convinced with the wages and welfare provided. 
358
(caring for all employees).
359
The aspects with large performance gaps indicate that firms perceive these aspects are important but have 360 lower performance levels, suggesting high urgency of performance improvement. It is important to note that the 361 aspects with small performance gaps do not mean the firms do not need to improve on these aspects. Rather, it 362 means the firms have similar importance and performance levels on these aspects. For instance, as low-363 performing firms have similar low ratings on importance and performance of A25, this aspect has a small 364 performance gap. However, with a performance rating of 2.81, this aspect clearly could be further improved 365 within the low-performing firms.
366
IPA results of firm clusters 367
The grand mean values of importance and performance scores for the three firm clusters were calculated 368 separately and the scores of each aspect were compared against the grand mean value. As a result, the IPA grid 369 positions of the 29 CSAs for the three firm clusters were identified, as shown in Table 3 .
<Insert Table 3 here> 373 Q1: Concentrate here. The aspects in this quadrant have higher importance scores but lower performance scores than the grand mean, suggesting that firms should concentrate on these aspects. For all the three firm management), A21 (land use efficiency) and A26 (emission reduction). For medium-performing firms, A28
380
(light pollution control) and A29 (noise control) should be paid more attention. For high-performing firms, A4
381
(innovation system) and A29 (noise control) should be further improved. 
395
and they perform worse in these aspects than the economic aspects. There are several aspects placed in this 396 quadrant for all the three groups, including A13 (anti-corruption and fair competition), A15 (supporting 397 community development), A17 (caring for all employees), A25 (managing impacts on biodiversity), and A27
398
(green innovation and product). This suggested that these sustainability aspects are not considered as a priority 
476
To improve the importance levels, the concept of sustainability should be popularized in the enterprises, which Table 1 and Table 2 to understand the importance or performance levels of which sustainability aspects need to 482 be further improved with an aim to facilitate transition towards higher sustainability levels.
483
For instance, for low-performing firms to efficiently transition towards sustainability, in the short term they 484 could firstly allocate their resources to improve the performance level of the concentrate here quadrant, then 485 both the importance and performance level of the low priority quadrant. When in the medium and long term 486 they become medium-performing and high-performing firms, they should then allocate their resources according
487
to the new distribution of the aspects in the four quadrants. Specifically, this study reveals that for the low-
488
performing firms, five aspects are allocated in the concentrate here quadrant include such as A20
489
(construction waste management) and A26 (emission reduction). It indicates the surveyed low-performing firms recognized the importance of these aspects, yet performed poorly. Therefore, the low-performing firms as well
491
as the government should assign priorities to improve the performance on these aspects. The government could, for instance, provide more economic incentives specifically for the low-performing f their waste management strategies and emission reduction. A total of nine aspects is low highly recognize their importance. Therefore, unlike those concentrate here have already gained recognition in the firms, these low priority
498
by both propaganda and capability building activities, and thus may require more efforts. 
517
Conclusions
518
There is lack of studies on classifying the various sustainability aspects according to their managerial 519 priority thereby providing strategic guidance for construction enterprises to transition towards sustainability.
520
IPA is applied in this study as a diagnostic instrument to identify perceived importance and performance of performing firms and high-performing firms were identified based on k-means cluster analysis, and the IPA was 523 conducted for the three clusters subsequently. Then, the Transition Pathways towards Sustainability (TPS) were
524
proposed.
525
The findings show that while 27 out of 29 CSAs were deemed to be important, construction enterprises have 526 good performance on only two CSAs. This reveals a clear gap between the importance and performance levels.
527
Gap analysis further shows that among the three firm clusters, high-performing firms have the lowest 
534
to be further improved to facilitate transition towards higher sustainability levels.
535
Although this study focused on the sustainability perception and performance of the Chinese construction 
547
provides useful inputs for making strategic decisions, e.g. determining the most appropriate way to allocate 548 scarce resources. IPA and the associated research procedure proposed in this study have a potential to be widely 549 used by other construction studies to investigate factor-related issues (e.g. risk factors, competitiveness factors, the perceived importance and performance levels of construction firms on a series of factors formulating their competitiveness, thereby identifying the most important yet worst-performed competitiveness factor. The
553
proposed TPS also offers a more holistic understanding of facilitating sustainability improvements in 554 construction enterprises. Even though an array of researches exists about the sustainability of construction 555 enterprises, there is a lack of studies specifically focusing on the strategic planning of sustainability transitions.
556
By integrating a dynamic transition perspective into the traditional IPA analysis, this study proposes the TPS as 557 a strategic guidance for construction enterprises, which has contributed to the current body of knowledge.
558
Second, in terms of the empirical contribution, this study contributes to the empirical knowledge in the area 
579
The proposed TPS provides a lens through which the construction firms could view the sustainability perceptions and performance of their peers with similar, lower or higher sustainability performance, thereby informing the decision-making process of choosing an appropriate sustainability strategy. Growing awareness and performance of social and environmental aspects. Rethinking the factors formulating economic competitiveness.
Further cultural changes and awareness improvement.
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